INTRODUCTION
Understanding the mangrove forests structure is very important for ecology and this information is useful for conservation and sustainable management (Suwignyo et al., 2015) . The word of mangrove comes from the ancient Malay language, namely mangi-mangi which is used to explain the Avicennia clan and is still used today in eastern Indonesia (Noor et al. 2006) . Mangroves are a typical littoral plant formation on the shores of protected tropical and subtropical shores. There are 65 mangroves reported throughout the world (Kathiresan and Bingham 2001) . In general, mangroves are grouped into three categories, i.e., true mangroves, followed mangroves, and associated mangroves (Wan Juliana et al. 2010) . Mangrove forests are spread in 123 countries with total areas of 15.2 million ha (FAO 2007) .
Southeast Asian mangroves are the most developed and have the highest number of species in the world (Giesen & Wulffraat 1998) . Southeast Asia contains the largest global mangrove forests proportion (33.8%) (Thomas et al. 2017) . The largest mangrove areas in Southeast Asia are found in Indonesia (almost 60% of total Southeast Asia), and there are 268 plant species recorded in Southeast Asian mangrove vegetation, consisting of 129 trees and shrubs, 50 terrestrial plants, 28 epiphytic plants, 24 ferns, 7 palms and 1 pandanus (Giesen et al. 2006 ). Indonesia has the largest mangrove in the world, reaching 25% or about 4.25 million ha (Primack, et al. 1998 ). The mangrove area in East Kalimantan is around 367 thousand hectares (Noor et al. 2006 ). The mangrove forest area in Kutai National Park (KNP) was 5,271.4 ha or about 1.44% of the total mangrove area of East Kalimantan (Gunawan and Sayektiningsih 2014) , but has decreased recently to 4,766.3 ha or about 2.5% less than the previous area. The forest area decreases lead to the decreasing level of mangrove diversity and the integrity of the mangrove forest area.
Mangrove ecosystems provide the life necessities for coastal communities and support the fishery resources (Kathiresan and Bingham 2001; Garcia et al. 2014) , provide a variety of commercial products and ecological services (Saenger 1999) . Mangroves are really productive ecosystems and globally important for the coastal environment productivity (Rao and Rao 2017) . Mangroves also play an important role in absorbing carbon dioxide and storing carbon in biomass (Widyastuti et al. 2018) . Mangroves in Southeast Asia provide ecosystem services that are valuable to human well-being (Brander et al. 2012) . Anthropogenic disturbances to mangrove forests in Southeast Asia are relatively extensive. The disturbances are due to aquaculture/ agricultural practices during 1996-2010 periods (Thomas et al. 2017) . KNP mangrove forests continue to experience pressure due to an increase in human activities for settlement, agriculture, and other activities (Bismark and Iskandar 2002; Sayektiningsih and Gunawan 2012) .
KNP is recognized as one of the Indonesia national parks that are designed to preserve Borneo tropical forest ecosystems including mangrove ecosystems that have high productivity (Budiarsa and Rizal 2014) . The mangrove forests reduction is almost 23% of KNP's mangrove forest area (Wijaya 2011) . The mangrove forest areas in KNP is threatened increasingly because of the widespread of land encroachment and the enclave problems. In 2004, mangrove species found in KNP consisted of Avicennia alba, Ceriops tagal, Casuarina equisetifolia, Sonneratia caseolaris, Avicennia marina, and Lumnitzera racemosa (Rahmadani et al. 2004) . Other studies showed that the mangrove in KNP consisted of 13 species, i.e., Rhizophora apiculata, Rhizophora stylosa, Rhizophora mucronata, Bruguiera gymnorrhiza, Bruguiera parvifolia, Bruguiera sexangula, Bruguiera cylindrica, Sonneratia alba, Sonneratia caseolaris, Avicennia alba, Avicennia marina, Ceriops tagal and Xylocarpus granatum (Gunawan and Sayektiningsih 2012; Budiarsa and Rizal 2013) . Ecological research has already been done many times, but the information about diversity, evenness, and similarity is rarely found. The objective of this study was to explore information about mangrove tree species diversity and richness in KNP, East Kalimantan.
MATERIALS AND METHODS

Study area
This study was carried out in the Kutai National Park coastal areas, namely in mangrove forests of Lombok Bay, Kaba Bay and Pandan Bay estuary in East Kutai Regency, East Kalimantan, Indonesia. The area of mangrove forest as observation object is 1,442.2 ha in Lombok Bay, 1,120.8 ha in Kaba Bay, and 835.4 ha in Pandan Bay estuary. The location of the study area is 117°33'35.873"EL -0°26'24.737"NL and 117°29'58,92"EL -0°11'13,153"NL. This study was carried out 5 months approximately from January to May 2018 with a few stages, i.e., preparation, initial processing, field surveys, advanced processing, and reporting.
The study area climate is the equatorial type with annual rainfall of 1 to 1,500 mm. The dry season occurs from December to February and the long rainy season from March to November. The soil is dominated by clay sand (Loam sandy) and is an Alluvial soil group that is poor in clay and a brownish fraction. In the study area, there are several settlements scattered in two sub-districts, i.e., Pandan Bay and North Sangatta (Figure 1 ). The ethnic groups are quite diverse, i.e., the Kutai, Dayak, Bugis, Banjar and other immigrant tribes. The settlers occupy several villages within 0.5 to 4 km distance from the mangrove forests. Approximately 40% of the settlers were reported extracting mangrove forests as their part-time work.
Procedures
Each of the three study sites consisted of 6 stations with 170 plots. There were 72 plots in Lombok Bay, 56 plots in Kaba Bay and 42 plots in Pandan Bay estuary. The total plot area of the three locations is 1.7 hectares with 0.05% sampling intensity. According to the Minister of Forestry Regulation Number P.67/Menhut-II/2006 concerning the criteria and standard of forest inventory, 0.01% sampling intensity for mangroves is sufficient. Purposive sampling was used in this study with the plot placement adjusted to the field conditions, which can extend according to the edge of the sea or extend along the river line from the seafront to the land. The plot size was10 x 10 m and the tree diameter measured was ≥10 cm. Each plot location was recorded using GPS. The diameters at breast height (DBH) and species of trees in the plots were recorded using the latest botanical classification.
Data analysis
The data analysis was done using descriptive and quantitative method, to calculate the mangrove species diversity, evenness, and similarity. Species diversity index was calculated using the equation of Shannon Index (Magurran 1988) . The Shannon index takes into account the evenness in species abundance. The evenness index was calculated using this equation:
Hmax is the logarithm of the total species number. If the evenness value close to zero, there is a large difference in the number of individuals among species. In this study, Simpson index ( ) has been considered to determine the evenness distribution. The Simpson index was defined as follows.
Where:
is the number of individuals in the species and equals the individual total number. If the diversity increases, the Simpson index declines. We used the complement of Simpson index, i.e., D '= 1 -D.
The similarities of species composition between sites were measured using similarity indexes, i.e., Sorensen coefficient ( ) and Jaccard coefficient ( ).
Where: S = Community similarity index (Jaccard) K = Community similarity index (Sorensen) a = Number of species in the first mangrove forest b = Number of species in the second mangrove forest c = Number of species found in both mangrove forests The Sorensen coefficient is completely comparable to the Jaccard coefficient; if the species similarity calculated by the Jaccard coefficient is high, then it will also be high if we use the coefficient the Sorensen coefficient (Ifo et al. 2016) . The greater the community similarity index (S) value, the more uniform is the species composition of the two communities.
RESULTS AND DISCUSSION
Species composition and abundance
The mangrove community of Kutai National Park (KNP) in general consisted of 17 plant species from 6 families, i.e., Rhizophora mucronata, Rhizophora apiculata, Rhizophora stylosa, Bruguiera sexangula, Ceriops decandra, Ceriop tagal, Sonneratia alba, Sonneratia caseolaris, Avicennia alba, Xylocarpus granatum, Nypa fruticans, Pandanus tectorius (Budiarsa and Rizal 2013) . The mangrove species composition in other places with similar geographical conditions is also similar. In the Mahakam delta, the mangrove forest had several zones, i.e., Sonneratia alba-Avicennia sp zone, Rhizophora sp. Zone, and transition zone (Bruguiera, Xylocarpus, Avicennia, and Nypa) and Nypa fruticans zone (Zain et al. 2014) . In Bulungan, the northern part of Kalimantan, 10 mangrove species were found, dominated by the family Rhizophoraceae (Kartika et al. 2018 ). In the southeastern Philippines mangrove forests, 10 of the six families were found (Cañizares and Seronay 2016) . The same species were Rhizophora mucronata, Rhizophora stylosa, Rhizophora apiculata, Bruguiera gymnorrhiza, and Bruguiera sexangula.
The mangrove forests of Kutai National Park (KNP) have an important role in the environment and society. Mangroves can provide natural resources such as fish, shrimp, and crabs, and protect coastlines from abrasion. The image data processing in 2016 showed that the KNP mangrove forest area is 4,446.6 ha and occupies approximately 23.3 km-long coastal area. The mangrove area is divided into two main parts. The first is Lombok Bay with 1,442.2 ha large area. The second one is Kaba Bay and Pandan Bay estuary, whose mangroves stretch about 2,952.8 ha. This study has found 17 species of mangrove trees from 6 families. The family Rhizopharaceae had the highest species, i.e., 6 species, followed by Combretaceae 4 species, and other families ( Table 1) .
The species of Rhizopharaceae family dominated with a total individual number of 1,022. Rhizophora mucronata had the highest number of individuals, i.e., 348, followed by Bruguiera sexangula, 258, and Rhizophora apiculata, 247. Pandanus tectorius, Rhizophora stylosa, and Ceriops decandra were the most rarely found. The average density of mangrove trees was 939 trees/ha in Lombok Bay, 993 trees/ha in Kaba Bay and 1,052 trees/ha in Pandan Bay Estuary (Figure 2) . The highest tree density was found in Pandan Bay estuary at station 6 with a density of 1,214 trees/ha, and the lowest one was found in Teluk Lombok, i.e., 733 trees/ha. In 2013, tree density of KNP was high indeed, i.e., 1,033 trees/ha (Budiarsa and Rizal 2013) . The mangrove trees density in KNP of East Kalimantan was relatively high compared to other mangroves, maybe because the location was good for mangroves species to grow. The density of mangrove trees was 340 trees/ha in Bulungan, North Kalimantan (Kartika, et al. 2018) , 700 trees/ha in Sebuku, South Kalimantan (Ghufrona et al. 2015) , 149 trees/ha in Cilacap, Central Java, (Hidayat et al. 2010) , and 529 trees/ha in Sarawak, Malaysia (Shah et al. 2016) .
Diversity and evenness index
The Shannon diversity index, Evenness Index and Simpson Index have revealed interesting information.ST 5 in Lombok Bay had high diversity index and medium evenness index, while ST 5 in the Pandan Bay Estuary had the lowest diversity index and low evenness index ( Table  2) .
The Evenness and Simpson indexes are generally inversely proportional; if the Evenness Index is high then the Simpson Index is low. ST2 in Kaba Bay and ST5 in Lombok Bay had the same evenness index, i.e., 0.49 and both respectively had 0.14 and 0.10 Simpson index. These show that the abundance of species spread moderately evenly in the study area with the chance of finding two individuals of the same species in the plot was 14% for the first site and 10% for the latter. Low species abundance in the Lombok Bay was found in the ST6 plot, and in the Pandan Bay estuary was in ST3 and ST5. The low diversity and evenness occurred because of the small number of individuals found. The characteristics of mangrove forests in the three locations are slightly different. Lombok Bay is more accessible than the other locations. Pandan Bay estuary mangrove is difficult to reach. The aquaculture/ponds are spread larger behind mangroves in the Lombok Bay and Kaba Bay area. Although Lombok Bay mangroves have the potential for human disturbance, they still have high species diversity because they have a larger area and a thick forest. Besides, according to Gunawan and Sayektiningsih (2014) , restoration and planting activities had been carried out in Lombok Bay, which increased the individuals number or the species number in this area.
Species similarity index
Similarity coefficient values varied from 36.4% to 41.9% for the Jaccard index and 53.3% to 59.1% for the Sorensen index (Figure 3) . The diversity of species in Lombok Bay was higher than that in Kaba Bay, and the diversity in Kaba Bay was higher than that in Pandan Bay estuary. The Shannon diversity index value obtained in this study was higher than that of other mangrove forests studied in Indonesia.
The forest structural heterogeneity and their high species richness are often interpreted in forest dynamics and succession. There are several factors that can explain the variation of species diversity in this study, i.e., edaphic factors, accessibility (related to human disruption or intervention to the mangrove forests), and successional stages.
In this study, we have studied the differences in species composition among the three sites of mangrove forests through the similarity indexes of Jaccard and Sorensen. These indexes provide a very good idea about the species presence or absence in the transect plot inventory. The species composition similarity between those two survey locations (LB-KB, LB-PBE, and KB-PBE) was low in Jaccard index and moderate in Sorensen index. This means that species composition similarities between those two survey sites were rather low. In the assessment, a low forest diversity status can inform that the mangrove forests have been degraded. Although the two locations, i.e., Kaba Bay and Pandan Bay estuary are difficult to access, but mangrove degradation can occur due to various human activities.
In conclusion, the number of mangrove species varied greatly among sites with the number of individuals reaching above 1,500 individuals and the density reaching 1,000 trees ha. The mangroves in Kutai National Park have high diversity, with moderate evenness index.
